Abstract. We present an analysis, based on the principles of stress balance in a 1-dimensional current sheet, which considers the problem of closed magnetic flux transport into the deep tail by a "viscous"-!ike interaction between the solar wind and the magnetosphere. We illustrate our analysis with an example of ISEE-3 data showing strong tailward plasma sheet flows on apparently closed field lines in the deep tail. Apart from narrow regions adjacent to the magnetopause, these flows are not driven by the scattering of magnetosheath plasma into the magnetosphere. We estimate the fraction of the magnetosheath momentum flux needed to be anomalously transferred into the plasma sheet to drive the flows. In our example this is -6%. No previously suggested mechanism (e.g., the Kelvin-Helmholtz Instability) has been shown capable of providing anomalous momentum transport of this magnitude. Our current understanding of the "viscous" interaction between the solar wind and magnetosphere is thus insufficient to explain these observations.
Introduction
Despite the clear dominance of reconnection processes in driving magnetospheric convection, both at the dayside magnetopause and in the magnetotail [e.g., Cowley, 1982 The field and plasma configuration assumed in this paper is shown in Figure 1 . The magnetic field is represented by heavy lines, and the plasma sheet is indicated by the shaded region. We assume the closed field lines threading the plasma sheet are being convected tailwards (-x direction) at some velocity while plasma flows into the sheet at speed v•, decelerates as it does work on the field, and emerges at speed Your. In general, plasma flows into and out of the current sheet on both sides, although we show flow through the current sheet in one direction only for clarity. In this configuration the inflow and outflow velocities consist of a field aligned component plus an ExB drift away from the current sheet. We assume that the lobe field strength is greater than that in the plasma sheet, due to the diamagnetic effects in the latter, and that the lobe is devoid of plasma, such that Pa. = 0 in this regiom [Miura, 1992] has shown that 4% may be transferred under special circumstances, but the KHI has yet to be shown capable of driving flows of the magnitude presented here.
Summary
In this paper we have set up an analysis, based on the stress balance conditions for a 1-d current sheet, that addresses the problem of "viscous" transport of closed field lines into the deep tail. We have presented an example of tai!ward plasma sheet flow in the deep tail which appears to be located on closed magnetic field lines undergoing such transport. We have used our analysis to test whether these flows are consistent with the transfer of mass across the tail magnetopause and/or the anomalous transport of magnetosheath momentum. We f'md that the observed plasma sheet density is -1/6 of that required if scattering of magnetosheath plasma is responsible for driving the observed flows. However, we have also identified "entry layers" within the example in which the plasma density is consistent with the tailward flows being driven by mass transfer. Alternatively, some 6% of the sheath momentum flux must be transferred to the plasma sheet population if anomalous momentum transport is responsible. Although the KelvinHelmhokz Instability may provide a small tailward flow under certain parameter regimes, it is unlikely that it can drive flows of the magnitude presented here. We the3efore conclude that our understanding of the "viscous" type interaction between the solar wind and the magnetosphere is far from complete.
